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Shuyang LI1, Xuehui AN1
1 Department of Hydraulic Engineering, Tsinghua University, Beijing 100084, China
ABSTRACT: There are many advantages for outdoor augmented reality (AR) applying into construc-
tion management. Recently, smart phones equipped with GPS receivers and orientation sensors are
more and more popular and they might make it easier to use the AR technology during construction
process. But using commodity phones as devices has some challenges, such as the limited accuracy
of GPS data, which is an important problem in outdoor AR application. A smart phone can be used to
send and receive WiFi signal, which means the smart phone itself could be an access point and it could
help to adjust GPS distance. In this paper, we present a two-step algorithm based on WiFi received
signal strength (RSS) to adjust GPS distance. In the first step, the GPS data not meeting required
accuracy standards are found and the smart phone with accurate GPS data become a new access point.
Specifically, the distances (dGPS) between an access point and a smart phone using GPS coordinate
data are calculated first. The RSS values (PGPS) corresponding to dGPS are then estimated using the
theoretical relationship between RSS and distance. The values of PGPS and the series of real RSS
values (RSSWiFi) between an access point and a smart phone are then compared using hypothesis
test and the smart phones with inaccurate GPS distances are found. In the second step, the positions
of inaccurate smart phones are adjusted using the data of RSSWiFi and WiFi-based position estima-
tion method. Then an iterative process of these two steps is performed to improve the accuracy of
GPS positions. This algorithm is validated by field experiments first and studied further by computer
simulation.
KEYWORDS: GPS positioning,received signal strength (RSS),smart phones
1. Introduction
In recent years, smart phones equipped with GPS and
WLAN have been more and more commonly used
around the world. These phones are more and more
used as platforms for running outdoor augmented re-
ality (AR) applications. Outdoor AR is a simple and
efficient solution for modeling and visualization during
construction process[1]. Due to the portability and easy
availability of smart phones, it is very practically sig-
nificant to develop AR applications for construction on
smart phones.
Although many simple outdoor AR applications ex-
ist on smart phones, there are still problems in utilizing
this AR technology for complex, large-scale and preci-
sion projects. The accuracy of positioning is one of the
most important problems.[1, 2]. In most cases, Global
Position System (GPS) is used to estimate the position
in outdoor AR applications. However, since the GPS
signal is sensitive to the weather and may be interfered
by obstructions, the feasibility of GPS positioning may
be very low[1, 3]. To solve this problem, methods for ad-
justing GPS positioning were proposed by Yeh in 2009
and 2010. The methods are combining GPS and WiFi
positioning results with different weights[3, 4]. In bad
conditions for GPS, the combining positioning system
using GPS and WiFi can reduce the positioning error
efficiently. But in good conditions for GPS, the combin-
ing positioning system may increase the positioning er-
ror. And the weights selected in combining positioning
method depend on human judgment and lots of off-line
training. So it is not very flexible and practical. This
paper proposes a practical two-step algorithm to adjust
GPS positioning using WiFi signal.
The remainder of this paper is organized as follows:
Section 2 gives a brief introduction onWiFi positioning;
Section 3 presents solutions to pick up inaccurate GPS
positioning results and adjust them; Section 4 evaluates
the benefit of the solutions by simulating a positioning
process; and Section 5 makes some concluding remarks.
2. RSS Positioning
There are many signal parameters can be used in a
wireless network[5], like using the signal’s time-of-
arrival (TOA), angle-of-arrival (AOA), time-difference-
of-arrival (TDOA), and (received signal strength) RSS.
This paper focus on the positioning method using WiFi
RSS.
2.1. Fading Model
A signal traveling from an access point to a sensor
rapidly decreases as the transmission distance increas-
ing. A log-normal fading path-loss model[6] is used to
describe the relationship between RSS and the transmis-
sion distance. The model takes the form as:
P (d) = P0   10nlg( d
d0
) + sh (1)
where P (d) is the RSS measured at the sensor, P0 is the
transmission power measured at a reference distance d0
from the access point (the value of d0 is usually 1m),
n is the path-loss exponent of the environment and sh
is the standard deviation of the shadowing noise. In an
error-free case, the distance between an access point and
a sensor can be uniquely determined by ignoring the sh
in equation (1), then log-normal model can be expressed
as:
P (d) = P0   10nlg( d
d0
) (2)
Since the power received at a point is not a constant
value but a series of data. The mean value of RSS series
is often used as P (d) in practice. The parameters n and
P0 can be fitted out by experiments.
2.2. Statistical Techniques for Position Estimation
Depending on the presence of training data, there are
two types of position estimation techniques[5]: one is
the mapping (fingerprinting) technique and the other is
the geometric and statistical technique.
The purpose of this paper is to develop a portabil-
ity method to adjust GPS positioning result with WiFi.
Therefore, the database-free technique (statistical tech-
nique) is chosen as the approach for position estimation
in a wireless network. In the statistical approach, formu-
lating the theoretical framework by the following model
Pi(x; y) = P0   10nlg(di(x; y)) (3)
where Pi is the theoretical RSS between the ith access
point and the sensor, di is the distance between the ith
access point and the sensor, (x; y) is the position of the
sensor, (xi; yi) is the position of the ith access point.
The distance di is calculated as:
di(x; y) =
p
(x  xi)2 + (y   yi)2 + i (4)
where i = 1; : : : ; Nm, Nm is the number of access
points whose signals can be received by the sensor,
With a group equation by (3) and (4), the sensor’s
position can be solved. In fact, this is a non-liner least
squares problems. We can define the least-squares cost-
function as:
F (x; y) =
NmX
i=1
(RSSi   Pi)2 (5)
where i = 1; : : : ; Nm, RSSi is the real RSS between
the ith access point and the sensor, Pi is formed by
equation (3). Solving the sensor’s position (x; y) is the
same process of minimizing F (x; y), and several dif-
ferent method can do this, like Gauss-Newton (GN) or
Levenberg-Marquardt (LM) Method[7]. This paper use
LM Method to solve the sensor’s position. Figure 1
shows an example of how to solve an sensor’s position.
The right plot shows that the four sensors located at the
peaks of the F (x; y) values. LM Method finds the min-
imum point in this area, and this minimum point is con-
sidered as the sensor’s position.
Figure 1: An example how the LMMethod solves a sen-
sor’s position in a wireless network
3. Methods
The existing method of positioning using GPS and WiFi
is estimating the position of a interest point using both
GPS and WiFi, then combining these two result as[3, 4]
User(x; y) = GPS(x; y) + WiFi(x; y) (6)
where  and  are the weights of GPS positioning result
and WiFi positioning result, respectively. The weights
are related to weather conditions or the shading and they
are selected from a pre-training scheme according to the
judgment on weather and the user’s location. This paper
proposes a two step algorithm to improve the accuracy
and flexibility of the weighting method. In the first step,
find phones with the right GPS data using WiFi RSS by
T-test method. According to the T-test results, if the ac-
curacy of GPS data meets a certain criterion, the phone
stops to receive WiFi signal and begins to transmit sig-
nal, which means turn itself to a new access point; and if
the accuracy of GPS data is not accurate enough, adjust
the position result using method in next step. Secondly,
the phone’s position is obtained combining WiFi posi-
tioning and GPS position with different weights, which
are determined from the result in the first step.
3.1. Index of GPS Accuracy
Determining the accuracy of the GPS is an impor-
tant problem of the existing weighting scheme method.
When the GPS is inaccurate, combining GPS and WiFi
positioning can decrease the positioning error, but when
the GPS is accurate, on the contrary, the combining
may increase the positioning error. This paper intro-
duces an index to measure the accuracy of GPS using
WiFi. As mentioned above the RSS between an ac-
cess point and a sensor is a serial of data (RSSWiFi =
RSS1; : : : ; RSSn). TheRSSWiFi is proved to obey the
normal distribution by experimental results[8]. There-
fore, the power P (d) can be expressed as:
P (d)  N (P (d); 2sh) (7)
where P (d) is calculated by equation (2), sh increases
with distance d. This statistical feature can be used
to examine whether a transmission power is the mean
value of the RSS serial. If a transmission power P is
the mean value in a high-probability, then the distance
d corresponds to P closes to the real distance in a high-
probability. Since we want to examine whether P is the
mean value and the standard deviation is not known, T-
test can be used to do the hypothesis test[9]:
T
def
= (
RSSWiFi   P
S=
p
(n)
)  t(n  1) (8)
where RSSWiFi is the mean value of a statistical sam-
ple (RSSWiFi) of RSS between the access point and
the sensor, P is the value we want to examine whether
is the mean value, n is the size of RSSWiFi, S is the
standard division of RSSWiFi, t(n   1) presents the
student distribution with a freedom n  1. If
jT j
t=2(n  1)
 1 (9)
then P is considered as the mean value of RSSWiFi,
otherwise the probability that P is the mean value is
very small. This can be used to evaluate the accuracy
of GPS. The detail process is: Firstly, calculate the dis-
tance dGPS between the access point (whose position
is known) and the sensor using GPS positioning result.
Secondly, calculate P (dGPS)with equation (2). Finally,
calculate an index e = jT jt=2(n 1) and use T-test to exam-
ine the accuracy of GPS positioning with equation (8).
In order to confirm whether this method works, field
experiments and simulations are taken to check the ef-
fect of the GPS accuracy index.
3.1.1. Experiments to Check the GPS Accuracy In-
dex
Two android phones (MOTO Mileston 2 and MOTO
Defy) were used to do the field experients. One smart
phone was used as an access point and another is used
as a sensor. The distance between the two phones was
changed from 1m to 100m. At the same time, the
two phones received GPS signals. Distances between
phones were calculated by GPS positioning results, and
the RSS serial at those distances were recorded. Then
the GPS accuracy index e, which was calculated by
equation (9). The results is shown in Figure 2. The three
largest GPS distance errors are found by the index.
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Figure 2: Using RSS serial and GPS distance between
two smart phones to calculate the GPS accuracy index.
3.1.2. Simulations to Check the GPS Accuracy Index
For further study of the index, use SciLab to simulate a
WiFi access point and a sensor. Assuming the parame-
ters in equation (2) are P0 =  45, n = 2:0. Generate
RSS serial between the access point and the sensor with
equation (1) by using parameters P0, n and sh related
to distance. First of all, do times of simulations at dif-
ferent distances and fit P0 and n, as shown in Figure 3.
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Figure 3: The plot of fitting for relationship between
RSS and Distance.
Then change the distance between the access point
and the sensor from 1m to 50m. At each distance, calcu-
late e with equation (9) under different distance errors.
For each distance under each error, 50 simulations are
taken and a mean value is taken as the final index. The
results are shown in Figure 4.
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Figure 4: The performance of accuracy index under dif-
ferent distance errors.
Figure 4 tells us that the index e is all less than 1.0
when the measured distance is equal to the real one.
While the distance is smaller than 30m and the error is
larger than 0, e is larger 1.0. But while the distance is
larger than 30m, e is almost always less than 1.0. That is
because a larger distance leads to less sensitive changes
of RSS and a larger standard division of RSS. There-
upon the index e is suitable for a distance smaller than
30m. Figure 4 also shows that e is too strict and too sen-
sitive when the distance is small. To solve these prob-
lems, equation (9) is modified as:
e = ln(
jT j
t=2(n  1)
 RSSWiFi
P0
) RSSWiFi
P30
(10)
where P30 is calculated by:
P30 = P0   nlg(30) (11)
Do the simulations again using equation (10) instead
of equation (9). The results are shown in Figure 5. The
modified e mainly picks out the distance error larger
than 5m.
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Figure 5: The performance of modified accuracy index
under different distance errors.
3.2. Methods of Combining GPS and WiFi Position-
ing Results
Since the GPS accuracy index e is a kind of indicator
which shows how accurate the GPS positioning is. It
can be used to give the weights for combining GPS and
WiFi positioning results. The weights in equation (6)
are taken as:  = 1e and  = 1  .
3.3. Process of the Adjusting Algorithm
Figure 6 shows the flow chart of the two-step adjusting
algorithm for GPS and WiFi positioning.
Figure 6: The process of the adjusting algorithm.
In practice, execute this algorithm in an iteration
process. Then the accuracy of positioning can be im-
proved step by step.
3.4. Outline of the WiFi Network and Users in Sim-
ulation
To check the performance of the adjusting algorithm, a
positioning process is simulated. The outline of the net-
work is shown in Figure 7.
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Figure 7: The outline of the network used in simula-
tions.
The access points are set up at four corners of an
30m  30m area. Inside this area, there are four users
whose positions are generated randomly and their GPS
positioning results are obtained using a normal distribu-
tion function. According to the parameters of the GPS’s
distribution, three cases are simulated as shown in Table
1. Case 1 represents the situation that the accuracy of
GPS is very high; Case 2 represents the situation that
the accuracy of GPS is very low; Case 3 represents the
situation that the accuracy of GPS is dispersive. Case
4 represents the situation that only WiFi positioning is
adopted.
Mean value Standard division
Case of of
GPS errors GPS errors
1 2 1
2 18 4
3 10 10
Table 1: A list of parameters to simulate GPS position-
ing results.
4. Results
Each case in Table 1 is simulated for 50 times. And
in each simulation the maximum number of iterations
is 50. Figure 8 is the accumulation curves of the three
cases. A comparison of the mean error between GPS
positioning and the proposed method is listed in Table
2. And the mean error of Case 4 is 4.75m. These re-
sults indicate that in all the three cases, the proposed
two-step algorithm can increase the accuracy of the po-
sitioning results. Even in the situation like case 3, the
mean GPS positioning error is equl to 11.85m, the pro-
posed method still can make the positioning result better
than using either GPS positioining or WiFi positioning.
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Figure 8: CDF of simulation cases.
Mean error Mean error
Case of GPS of proposed
positioning(m) algorithm(m)
1 1.95 1.86
2 18.19 7.10
3 11.85 4.48
Table 2: Mean errors of the two kind of positioning
methods.
5. Conclusion
This paper presents a new method to adjust GPS posi-
tioning in a wireless network. The simulation results
indicate that this algorithm can decrease the positioning
error effectively. And compare to previous work, this
algorithm does not depend on human judgments and is
suitable to different situations.
This method is to be tested in more field experi-
ments. And further studies can focus on the positioning
adjusting method in the 3-Dimension space.
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